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13  ABSTRACT 


The  purpose  of  the  present  study  was  to  evaluate  the  role  of  a  myocardial 
depressant  factor  (MDF)  in  shock.  Experiments  were  carried  out  in  dogs  subjects  a 
to  either  splanchnic  arterial  occlusion  (SAD)  shock  or  endotoxin  shock  after 
pancreatectomy.  An  isolated  heart  mcnitored  substances  in  blood  released  during 
SAG  shock  or  was  subjected  to  endotoxin  shock  during  a  4-5  hour  period.  After  load 
and  cardiac  output  of  the  .isolated  lie  art  were  controlled  or  maintained  constant. 
Results  demonstrated  normal  myocardial  performance  of  the  test  heart  receiving  blood 
fretn  the  splanchnic  region  after  release  of  occlusion  clamps  during  early  and  late 
phases  of  SAD  shock.  Hearts  were  observed  to  fail  in  animals  acutely  pancreatec- 
tanized  and  administered  endotoxin  while  panoreatectcmized  controls  exhibited  normal 
myocardial  performance.  Pancreatectomy  did  not  lessen  the  degree  of  heart  failure 
after  endotoxin.  These  findings  fail  to  lend  support  for  the  MDF  hypothesis  but 
suggest  a  role  of  peripheral  vascular  factors  in  the  pathogenesis  of  S‘D  shock 
and  ascribe  to  as  yet  unknewn  mechanisms  the  precipitation  of  myocardial  failure 
in  endotoxin  shock. 
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The  relative  importance  of  the  heart  in  contributing  to  the 
pathogenesis  of  shock  is  not  well  defined.  At  present ,  there  are 
no  available  experimental  data  to  evaluate  the  separate  contributions 
of  peripheral  and  cardiac  factors  in  the  intermediate  or  preterminal 
phases  of  shock.  Our  laboratories  have  developed  several  experimen¬ 
tal  canine  heart  models  for  use  in  the  evaluation  of  myocardial 
performance  in  shocx  (7-13) .  Subsequent  reports  utilizing  these 
models  in  the  early  and  intermediate  phases  of  endotoxin  shock  have 
provided  evidence  that  the  myocardium  is  not  directly  poisoned  by 
endotoxin  (12)  and  is  very  resistant  to  its  adverse  hemodynamic 
actions,  surviving  periods  of  marked  hypotension  for  3  hours  without 
revealing  adverse  performance  characteristics  (8) .  Our*  studies  have 
also  yielded  indirect  evidence  for  the  absence  of  circulating 
myocardial  toxic  or  depressant  factors  in  the  blood  of  shocked  animals 
in  the  intermediate  or  terminal  stages  of  shock  (7,9,10).  We  have 
documented  the  development  of  significant,  heart  failure  within  4-6 
hours  following  administration  of  endotoxin,  although  the  mechanism 
of  failure  is  not  known  (11,13).  In  these  studies,  heart  failure 
was  manifested  by  elevated  left  ventricular  end  diastolic  pressures , 
depressed  myocardial  contractility  (decreased  d:/dt  and  power) ,  de¬ 
creased  efficiency,  and  mitochondrial  txkana  and  disruption  (4),  which 
were  observed  5-9  hours  after  an  y>gtj_go  endotoxin,  'Phase  facets  of 
myocardial  dysfunction  and  structural  damage  were  partially  or  totally 


reversed  or  prevented  by  early  administration  of  digoxin  (13).  The 
probability  of  a  substantial  role  of  the  heart  in  shock  is  further 
suggested  by  reports  of  clinical  septic  shock  which  have  included 
descriptions  of  myocardial  dysfunction  or  failure  (18,22). 

'•.  Evidence  for  the  presence  of  a  circulating  toxin  or  depressant 
substance  m  shock  has  been  previously  described  by  Cannon  (2) ,  Shorr 
and  colleagues  (21,21) ,  and  more  recently  by  Lefer,  Glenn,  and  others 
(4,5,14-18,23),  with  the  introduction  of  the  term  "myocardial  de¬ 
pressant  factor"  (MDF) .  The  critical  significance  of  circulating 
toxic  factors  cannot  be  overemphasi zed  because  of  their  possible 
overwhelming  actions  on  both  the  peripheral  vascular  bed  and  the 
myocardium.  Pathophysiological  manifestations  of  such  factors  might 
well  include  depressions  of  both  aortic  pressure  and  cardiac  outmt, 
thus  providing  a  logical  rationale  for  the  pathogenesis  of  shock. 

Lefer,  Glenn  and  others  (5,6,15,17)  have  retorted  that  plasma  MDF 
activity  is  inversely  related  to  splanchnic  blood  flew  in  endotoxin 
shock  and  that  a  2-hour  occlusion  yields  high  plasma  MDF  activity. 

They'  have  further  shewn  that  occlusion  of  pancreatic  arteries  alone 
or  subjecting  the  pancreas  to  ischemia  or  hyjxjxia  results  in  MDF 
activities  comparable  to  those  in  shock.  Finally,  they  have  demon¬ 
strated  that  pancreatectomy  before  occlusion  of  the  splanclinic  arteries, 
or  prior  to  irk  .act  ion  of  hemorrhagic  shock,  almost  completely  abolishes 
MDF  pm!  .ei  ion  i  1 5,  i  /) . 

'ihe  i  >ui'| xo.su  of  the  present  study  was  to  oval unto  the  nossible  role 
ot  a  emu  bit  iiKi  m  ■»  x 'ardiu  1  Ucpius'  -tt.»  factor  in  two  forms  of  shock 


produced  by  splanchnic  arterial  occlusion  or  E.  coli  endotoxin 
after  pancreatectomy.  Findings  do  not  support  the  view  that  a 
myocardial  depressant  factor  performs  a  significant  role  in  the 
pathogenesis  of  shock.  There  was  no  evidence  for  its  release 
from  visceral  splanchnic  sites  in  SAD  shock  or  from  the  pancreas 
after  endotoxin. 

METHODS 

Experiments  were  conducted  on  adult  mongrel  dogs  intravenously 
anesthetized  with  30  mgAg  pentobarbital  sodium,  A  total  of  21 
experiments  was  carried  out  in  which  each  study  was  composed  of  a 
small  heart  donor  animal  and  a  large  support  dog  providing  blood 
continuously  for  an  isolated  working  heart  preparation .  This 
procedure  has  been  described  in  previous  reports  from  this  labora¬ 
tory  (8-il) . 

Two  types  of  experiments  were  conducted  to  evaluate  the  role 
of  the  splanchnic  region  in  contributing  to  the  possible  release  of 
a  circulating  factor  toxic  to  the  myocardium 
Splanchnic  arterial  occlusion  experiments  (N  =  7) 

The  purpose  of  those  experiments  was  to  determine  if  toxic 
factors  might  be  related  from  the  ischemic  splanchnic  region  and 
return  tiirough  the  venous  system  to  dq^ress  the  myocardium.  Basically, 
the  procedure  consisted  of  isolating  a  heart  and  supporting  it  with 
blood  exchanged  with  a  heparinized  *suq»rt  animal",  as  previously 
reported  (8,10,11).  The  test  syrtem  included  both  lungs,  left  atrium, 


left  ventricle,  and  aortic  arch.  Hie  right  ventricle  was  bypassed 
following  cannulation  or  the  pulmonary  artery.  Functional  analyses 
were  carried  out  on  the  isolated  left  ventricle  as  it  was  influenced 
by  blood  circulating  from  the  support  animal  subjected  to  shock 
elicited  by  splanchnic  arterial  occlusion.  Previous  studies 
utilized  a  similar  procedure  (5) .  Central  venous  blood  frcm  the 
support  animal  was  supplied  to  the  test  heart  with  lungs  ventilated, 
via  a  pump  set  at  a  constant  flow  rate  (76  ccAg/min ,  based  on  weight 
of  the  dog  supplying  the  isolated  heart) .  The  tip  of  the  cannula 
supplying  blood  to  the  isolated  heart  was  placed  in  the  central  veins 
of  the  support  animal,  between  the  hepatic  vein  confluence  with  the 
cava  and  the  right  atrium.  Coronary  venous  return  and  aortic  outflow 
of  the  test  heart  were  separately  collected,  measured  volumetrically 
and  returned  to  the  support  animal  as  previously  described  (8,10) . 
Aortic  pressure  (after load) ,  cardiac  output (pulmonary  blood  flew) 
and  blood  temperature  wure  maintained  constant  jr,  the  working  heart 
preparation .  The  adequacy  of  this  test  system  has  been  documented 
in  earlier  studies  (10),  Coronary  arterial  and  venous  P02,  PC02  and 
ph  were  estimated  by  an  Instrumentation  Laboratories  blood  analyzer 
while  myocardial  02  aid  CO2  arterial  aid  venous  blood  contents  were 
measured  by  a  Van  Slyke  marxuietric  blood  analyzer.  Cardiac  jxwer  in 
gram •meters/sec  and  loft  ventricular  dP/dt  in  tun  Hg/sec  were  calculated 
as  previously  repot  toil  (U,1C).  Splandutic  arterial  occlusion  was 
oirriol  out  by  atraumatic  clamping  ef  the  eel hug  aufvrior  and  inferior 
mesenteric  arteries  at  fcrteir  <u  igi.is,  f<>»  a  «l-h\  «ur  ;v.rmi  in  the  sut'tor 


animal.  Myocardial  performance,  haixdynaiTd.es  and  oxidative  metabolism 
of  the  test  heart  were  documented  during  the  pre-occlusion  period, 
twice  during  occlusion,  and  at  several  periods  following  release  of 
occlusion  in  the  support  dog  and  monitored  ordinarily  until  death  of 
the  animal  (20-90  min  post-occlusion) . 

Endotoxin  administration  following  acute  pancreatectomy  (N  ~  14) 

These  experiments  were  carried  out  to  determine  if  the  presence 
of  the  pancreas  is  essential  for  the  elicitation  of  myocardial  failure 
after  endotoxin  injection.  Previous  reports  (11,13)  demonstrated 
heart  dysfunction  5  hours  after  endotoxin,  as  revealed  from  work 
performance  stresses  carried  out  on  an  isolated  heart  preparation. 

The  reports  of  Lefer  and  Glenn  (6,15,17)  have  clearly  implicated  the 
pancreas  as  the  chief  site  of  MDF  production  and  release  in  shock. 

Hie  aim  of  tiie  studies  outlined  below  was  to  determine  if  heart 
failure  after  endotoxin  oould  be  abolished  or  diminished  by  acute 
removal  of  the  pancreas  prior  to  an  LD^q  injection  of  endotoxin. 

Control  studies  without  endotoxin  were  carried  out  to  determine  levels 
of  myocardial  performance  5-7  hours  folkwing  acute  pancreatectomy . 

The  basic  surgical  procedure  for  this  series  of  experiments  was 
to  aonduet  a  laparotomy  in  a  small  adult  dog  via  a  midline  incision 
under  pentobarbital  anesthesia.  The  pancreas  was  removal  together  with 
a  small  section  of  adjoining  duodenum  and  the  spleen  by  sectioning 
tissue  between  doubly  tied  ligatures  wit] tout,  loss  of  blood.  The 
abdominal  incision  was  then  closed  and  secured  with  clamps,  animals 
were  positioned  on  their  left  sides  and  placed  on  regulated  heating 
pads,  and  rectal  temperature  probes  and  arterial  and  venous  catheters 
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were  secured.  Following  a  15-30  minute  equilibration  period,  endotoxin 
was  intravenously  administered  to  7  of  14  animals.  Hearts  were  re¬ 
moved  and  transferred  to  the  intact-dog  perfusion  system  described 
above  in  the  splanchnic  arterial  occlusion  (SAO)  experimental  group, 
except  that  oxygenated  (arterial)  blood  was  removed  from  the  support 
animal  and  the  isolated  lungs  were  not  ventilated.  Mean  systemic 
blood  pressures,  monitor©!  in  all  animals,  remained  in  the  normotensive 
range  in  control  animals  and  fell  to  varying  levels  of  hypotension  in 
endotoxin- injected  animals  during  the  3-4  hour  period  preceding  heart 
transfer.  All  hearts  were  subjected  to  after load  stresses  as  per¬ 
formed  in  the  previously  described  SAO  experiments. 

Statistics  were  carried  out  .by  ireans  of  a  modified  Student  t  test. 

RESULTS 

Splanchnic  arterial  occlusion  SAO)  experiments , 

Table  I  illustrates  the  effect  of  splanduvie  arterial  occJusion 
on  mean  systemic  arterial  pressure  and  heart  rate  of  the  intac^  dog. 

It  can  be  seen  that  pronounced  hypotension  was  elicited  by  release 
ot  planchnic  occlusion,  while  heart  rate  changes  wore  variable. 

Figure  la  and  lb  are  two  typical  myocardial  responses  to  2  hours  of 
SAD.  The  jaarsistent  finding  dwicnsUatol  by  both  figures  is  tiiat 
release  of  2  liourn  ot  occlusion  of  blood  flow  to  n't©  splanchnic  region 
did  not  result  in  «n\  demostrable  myocardial  failure  or  depression  of 
fiutctii  n  i { t  *. in ?  t<  .-.i  juiiU  t..  ©u  t J k*  anUafv,  even  during  pre-terminal 
periods  in  the  aiumal,  u»*»  .inward ur1  paioimod  nomviUy  at  elwattxi 
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after loads  of  100  and  150  inn  Hg  when  intraventricular  systolic 
pressure  often  exceeded  200  mm  Hg;  left  ventricular  end  diastolic 
pressure  (LVEDP )  restrained  below  control  values  at  all  periods  fol¬ 
lowing  release  of  occlusion;  dP/dt  was  elevated;  cardiac  power 
equaled  or  exceeded  control  values;  and  rnyocardial  oxygen  uptake 
retrained  relatively  similar  to  control  values  at  each  afterload. 

TVo  unsuspected  findings  were  noted  after  release  of  the  occlusions: 
coronary  blood  flow  increased  markedly  while  heart  rate  fell  below 
the  pre-occlusion  value.  There  was  no  evidence  for  a  depression  of 
myocardial  performance  unless  it  could  be  construed  that  coronary 
flow  was  inefficiently  or  non-econcrnically  elevated.  All  animals 
became  severly  hypotensive  within  5  minutes  following  restoration 
of  splanchnic  blood  flow. 

Figures  2a  and  2b  further  describe  the  effects  of  SAD  shock  on 
the  heart  at  100  mm  Hg  after load  and  fixed  cardiac  output  of  76  cc/ 
kg/min.  Mean  values  of  performance  parameters  from  all  •  experiments 
clearly  show  that  myocardial  performance  is  unimpaired  following 
release  of  occlusion;  LVEDP,  dP/dt,  and  cardiac  powor  are  maintained 
similar  to  pro-occlusion  values  (p  >  0.05)  while  a>ronary  resistance 
markedly  fell  (p  <  0.05)  in  comparison  to  pre-occlusion  values,  and 
hearts  performed  normally  even  up  to  the  death  of  the  animals. 

TMff  H  summarises  the  effect  of  HAD  nhoek  on  oxidative  metabolism 
of  the  heart  at  a  nu i  ntainod  after  loud  of  100  am  t!q  and  constant  cardiac 
outfit  of  76  cc/kg/tnin.  Cbronary  fliv  mcmimvt  siamficantlv  (p  .  0.051 
and  oxygen  delivery  to  the  myocardium  was  o  leva  taxi  (p  *  0.05)  durinc 
the  post-ooclusion  |*iriod.  Oxygen  uptake  and  carton  dioxide  production 


were  elevated  on  the  average  above  pre-occlusion  values  following 
release  of  the  clamps.  Significant  elevations  of  coronary  venous 
C>2  content  occurred  (p  <  0.01)  but  since  coronary  blood  flews  were 
markedly  elevated  (p  <  0.05),  O2  uptake  was  well  maintained  during 
the  period  of  SAD  shock.  Gradual  decreases  in  pH  were  observed 
during  SAD  shock.  When  after  load  was  increased  bo  150  irm  Hg  there 
were  large  ch?" ’’es  in  most  parameters,  as  shown  in  Table  III.  Of 
special  note  is  the  observation  that  myocardial  performance  of  the 
test  heart  was  notably  good  during  the  period  of  rapidly  developing 
hypotensive  shock  in  the  animal:  LVEDP  and  heart  rate  were  in  the 
normal  range,  while  dP/dt  was  elevated  on  tl  2  average  though  not 
statistically  altered  from  control  values  (p  >  C.05) .  Increased 
coronary  blood  flow  (p  <  0.05)  resulting  from  coronary  vasodilation, 
together  with  well  maintained  coronary  arterial  oxygen  content,  would 
provide  an  augmented  oxygen  delivery  rate  to  the  nyocardial  tissue  of 
the  test  heart  during  SAO  shock. 

Endotoxin  administration  following  acute  pancreatectomy. 

The  second  series  of  experiments  was  carried  out  to  evaluate  the 
role  of  the  pancreas  in  the  elicitation  of  heart  failure  in  endotoxin 
shock.  No  differences  were  observed  between  myocardial  performances 
of  pancreatectomi  zfd  dogs  in  file  present  experiments  and  animals  with 
intact  pancreata  in  devious  studies  from  this  laboratory  (11,13), 
none  of  whirl  1  received  endotoxin.  This  observation  clearly  demonstrated 
that  4-6  hours  of  acute  pane ren !  ooiomy  exert'd  no  detrimental  action  it- 
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self  on  the  myocardium.  However,  endotoxin  administered  to  pan- 
createctcanized  animals,  whose  hearts  were  evaluated  4-6  hours  later, 
demonstrated  the  same  degree  of  myocardial  failure  as  reported 
earlier  by  this  laboratory  (11,13).  Figure  3  presents  raw  and  derived 
data  from  one  control  and  two  experimental  heart  preparations.  The 
control  heart  at  the  left  side  of  the  figure  reveals  a  normal  response 
to  varied  after loads  as  previously  reported  (10,11,13) .  even  though 
it  was  obtained  from  an  animal  pancreatectomizea  5  hours  earlier.  On 
the  other  hand,  the  two  experimental  heart  preparations  in  Figure  3, 
obtained  from  animals  given  endotoxin  4-5  hours  previously  and  after 
pancreatectow,  exhibited  notable  degrees  of  heart  failure.  Myocardial 
dysfunction  was  characterized  by  abnormally  elevated  LVEDP  values  and 
relatively  depressed  dP/dt  and  cardiac  paver  quantities  at  matched 
after loads  and  cardiac  outputs.  The  experimental  heart  (#2),  in  the 
right  coin  in,  exhibited  a  severe  degree  of  heart  failure  in  that  both 
output  and  afterload  could  not  be  increased  above  the  subnormal  levels 
shown  in  the  figure  without  precipitating  rapid  overdistension  and 
profound  failure. 

Figures  4a  and  4b  provide  means,  plus  arid  minus  one  standard 
deviation,  of  various  performance  and  hestodynamic  parameters  of  control, 
non-shocked  hears  (N  =  7).  However ,  because  of  the  extreme  variability 
of  failure  of  the  endotoxin-treated  hearts,  individual  values  of  the  7 
experimental  hearts  are  separately  displayed.  Two  hearts  could  not 
function  at  an  after load  of  100  mm  Ug  even  at  a  reduced  cardiac  output. 
The  heart  indicated  by  the  open  square  (if.)  could  not  support  a  normal 


cardiac  output.  It  can  be  seen  that  only  one  of  the  shocked  hearts 
could  sustain  a  normal  LVEDP  at  150  nm  Hg  and  that  very  high  LVEDP 
values  were  evident  even  at  low  after loads.  Values  of  dP/dt  tended 
to  be  depressed  at  150  irm  Hg  although  only  3  hearts  could  tolerate 
an  after load  of  this  magnitude,  without  precipitous  overdistension 
and  extreme  failure  in  contrast  to  the  controls,  each  of  which 
performed  within  normal  limits  at  all  after  loads.  Heart  rates  and 
coronary  resistances  were  relatively  scattered  and  not  significantly 
modified  from  normal  hearts.  Two  of  3  hearts  able  to  survive  the 
150  ran  Hg  afterload  (Figure  4a)  demonstrated  subnormal  power  quantities 
and  this  was  evident  since  individual  LVEDP  values  were  abnormally  high. 

Table  IVa  and  iVb  array  polled  data  of  certain  metabolic  parameters 
in  hearts  obtained  from  endotoxin-shocked  and  control  pancreatectomized 
animals  at  100  and  150  rrm  Hg  after loads.  No  significant  differences  in 
coronary  arterial  and  venous  oxygen  or  carbon  dioxide  partial  pressures 
or  contents  were  observed  in  the  control  and  experimental  groups,  and  no 
alterations  in  myocardial  arterial  or  venous  pH  values  were  discernible 
in  hearts  able  to  per frcm  against  the  higher  after  loads.  Table  V  sum¬ 
marizes  findings  of  coronary  blood  flow,  myocardial  oxygen  supply  in 
accounting  for  myocardial  failure  after  endotoxin. 

DISCUSSION 

The  pus-pose  at  the  present  study  was  to  evaluate  the  possible  role 
of  a  circulating  nyocardial  depressant  factor  in  shock  produced  separately 


by  splanchnic  arterial  occlusion  (SAD)  and  endotoxin.  Each  stress 
was  applied  in  a  lethal  fashion,  SAO  shock  characterized  y  precipi¬ 
tously  developing  systemic  hypotension  followed  by  early  death,  and 
an  LD^q  E.  coli  endotoxin  shock  eliciting  sustained  hypotension, 
acidosis,  and  heart  failure  after  4-5  hours.  Research  in  this  laboratory, 
though  clearly  demonstrating  heart  failure  after  endotoxin,  has  failed  to 
reveal  the  mechanism.  We  have  excluded  a  direct  myocardial  toxic  action 
of  endotoxin  (12)  and  have  demons  traced  that  the  blood  of  endotoxin- 
shocked  animals,  in  the  intermediate  or  pre- terminal  stages,  does  not 
possess  a  circulating  myocardial  toxic  factor  of  significant  importance 
(7-9,10).  Nevertheless,  a  myocardial  depressant  substance,  termed  "M)E" , 
has  been  described  to  perform  a  critically  important  role  in  the  elici¬ 
tation  of  myocardial  dysfunction  in  several  forms  of  shock,  including 
those  elicited  by  splanchnic  arterial  occlusion  and  endotoxin  (14-17,23). 

In  the  course  of  attempting  to  harmonize  the  findings  of  this 
laboratory  (7-13)  with  those  of  others  (5,6,14-18,23),  it  became  increas¬ 
ingly  reoognized  that  at  least  two  critical  experiments  should  be  carried 
out:  (a)  splanchnic  arterial  occlusion  and  (b)  pancreatectamized  animals 
administered  endotoxin.  The  former  would  be  essential  in  that  this  form 
of  shock,  involving  2  ho\irs  of  arterial  occlusion  of  three  major  splanch¬ 
nic  vessels,  has  been  shewn  to  be  a  sufficient  stimulus  to  release  a 
maximum  concentration  of  MDF  after  release  of  the  occlusion  (15) ,  The 
latter  pancreatectomy  experiment  would  be  of  critical  importance  because 
the  pancreas  has  been  implicated  as  being  the  major,  if  not  the  only. 
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source  of  MDF  in  shock  (16,17) .  If  heart  failure  was  due  in  large 
part  to  MDF  released  frcm  the  ischemic  splanchnic  region,  SAO  experi¬ 
ments  should  yield  a  significant  measure  of  myocardial  dysfunction  in 
the  test  heart.  If  pancreatectomy  was  carried  out  and  shown  by  itself 
not  to  adversely  affect  myocardial  performance,  injection  of  endotoxin 
would  be  expected  not  to  result  in  heart  failure  in  the  absence  of  the 
pancreas,  according  to  Lefer  and  Glenn  (5,6,17). 

Unfortunately,  results  from  our  experiments  as  carried  out  in  the 
present  study,  have  failed  to  harmonize  our  previous  findings  (7-13) 
with  those  of  others  (5,6,14-18,23) .  We  obtained  no  evidence  whatso¬ 
ever  to  support  the  view  that  a  myocardial  depressant  factor  performs 
a  significant  role  in  the  pathogenesis  of  SAO  shock  or  erriotoxin  shock 
post-pancreatectcrry .  There  was  no  indication  of  myocardial  depressant 
factors  circulating  in  the  blood  released  from  abdominal  visceral  sites 
after  release  of  splanchnic  arterial  occlusion  or  following  lethal  in¬ 
jections  of  endotoxin.  Experiments  carried  out  in  this  laboratory  to 
evaluate  the  MDF  hypothesis  incorporated  the  rigid  control  of  afterload 
and  cardiac  output  in  order  to  more  clearly  recognize  and  interpret 
changes  in  myocardiaj,  performance  at  the  separate  afcer loads. 

In  SAO  shock,  as  carried  out  in  the  present  study,  myocardial  con¬ 
tractility  in  a  test  heart  receiving  blood  directly  from  the  previously 
ischemic  splanchnic  region,  at  constant  after load  and  cardia  output, 
was  normal  in  all  respects:  LVEDP  was  low  or  lower  than  normal ,  dP/dt 
ard  cardiac  power  were  at  control  pr< -occlusion  levels  or  higher ,.  while 


heart  rate  changes  were  variable.  These  findings  persisted  even  in 
the  face  of  severe  systemic  hypotension  and  up  to  the  point  o  f  death 
in  the  intact  animal.  It  is  possible  that  a  myocardial  excitatory 
factor  might  also  be  elaborated  following  relase  of  the  clamps,  which 
would  counteract  or  negate  the  myocardial  effects  of  a  depressant  sub¬ 
stance.  It  should  be  pointed  out  that  since  the  tip  of  the  cannula 
carrying  blood  to  the  isolated  heart  is  placed  downstream  from  the 
confluences  of  the  hepatic  veins  and  inferior  vena  cava,  the  isolated 
heart  is  anpling  precisely  the  same  blood  as  the  intact  heart.  Since 
both  arterial  and  venous  inflows  to  the  liver  were  obstructed  durinc 


the  occlusion  period,  it  is  likely  that  the  liver  would  have  been 
rendered  incapable  of  detoxigying  agents  released  from  the  ischanic 
splanchnic  region  (19).  Further,  if  would  appear  that  since  the  mean 
aortic  pressure  of  the  dog  falls  dramatically  to  shock  levels  after 
release  of  the  occlusion,  the  precipitation  of  shock  must  have  been  due 
to  peripheral  vascular  rather  than  direct  cardiac  factors  in  view  of  the 
normal  performance  of  the  test  heart.  The  marked  increase  in  coronary 
blood  flow  observed  in  the  KAO  experiments  might  have  been  elicited  by 
catecholamine)  release;  however,  the  absence  of  tachycardia  in  the  test 
heart  appears  to  negate  this  possibility.  In  addition,  heart  rates  of 
the  intact  animals  were  not  significantly  modified  in  SAD  shock.  Results 
from  this  first  set  of  experiments  would  suggest  that  systemic  hypotension 
in  the  intact  animal  was  caused  by  peripheral  pooling  of  blood,  which 
yielded 'a  greatly  depressed  venous  return  and  cardiac  output.  This 
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vi'-v  is  supported  by  the  findings  of  Chiu  and  others  (3)  and  Wilson 
and  Ebert  (25) ,  but  other  possibilities  are  raised  by  Selkurt  (19) 
and  williams  (24) . 

Pancreatectomy  experiments,  carried  out  in  the  present  study, 
failed  to.  interfere  with  the  elicitation  of  myocardial  failure  in 
endotoxin  shock  as  previously  reported  (11,13) .  Precisely  the  same 
degree  of  heart  failure  after  enodtoxoin  was  observed  in  the  acutely 
pancreatectcmized  animal,  as  previously  reported  in  animals  with  intact 
panarea ta  (11,13) :  LVEDP  was  notably  elevated  at  lover  after loads 
and  only  half  of  the  hearts  could  tolerate  a  normally  high  afterload 
(150  irtn  Hg)  without  tie  precipitation  of  total  myocardial  destruction, 
and  dP/dt  and  cardiac  power  were  relatively  depressed,  particularly 
at  the  higher  after  load  of  150  mm  Hg.  Finally,  these  experiments 
have  failed  to  identify  the  critical  factors  instrumental  in  the 
pathogenesis  of  cardiac  dysfunction  in  endotoxin  shock.  Explanations 
have  been  posed  by  Cann  and  others  which  appear  to  invoke  abnormal 
emphasis  on  sympathetic  drive  and  rate  (1) .  Findings  from  cases  of 
human  septic  shock  have  documented  myocardial  failure  (18,22),  under¬ 
scoring  the  need  for  a  clearer  understanding  of  its  mechanism  in  order 
to  provide  effective  therapy  (13) . 
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FIGURE  LEGENDS 


Figure  la.  Effect  of  splanchnic  arterial  occlusion  on  myocardial 
performance/  hemodynamics  and  metabolism  (typical 
experiment?  constant  cardiac  output;  after load,  100  iron 
Hg;  LVEDP  =  left  ventricular  end  diastolic  pressure) . 
Figure  lb.  Effect  of  splanchnic  arterial  occlusion  on  myocardial 
performance  and  hemodynamics  (typical  experiment; 
constant  cardiac  output;  after  load,  150  ran  Hg:  LVEDP  = 
left  ventricular  end  diastolic  pressure) . 

Figure  2a.  Effect  of  splanchnic  arterial  occlusion  on  myocardial 
performance  (mean  +  SE,  7  experiments;  after  load, 

100  ran  Hg;  LVEDP  •*  left  ventricular  end  diastolic  pressure) 
Figure  2b.  Effect  of  splanchnic  arterial  occlusion  on  myocardial 
per  for  ranee  and  hemodynamics  (mean  +  SE,  7  experiments; 
after  load,  100  ran  Hg?  power ,  work/sec  =  am*roeters/sec) . 
Figure  3.  Effect  of  endotoxin  after."  pancreatectomy  (and  splenectomy) 
on  myocardial  performance,  hemodynaniics  and  metabolism 
(1  control  and  2  experimental  preparations) . 

Control:  post-pancreatectomy  (6  hours) ?  no  endotoxin 
administered. 

Experimental  #1:  post-pancreatectomy  (6  hours) ; 
K'st-ttivdotoxin  (5  Ixjuts)  , 

Ext>eriroental  #2:  post-piincreatectfxny  ( 5-1/2  hours)  j 
poot-enrto  toxin  (4-1/2  hours) . 

(After load  and  cardiac  output  could  not.  be  elevated 
becau:  of  severe  degree  of  heart  failure) . 
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Figure  4a.  ;  Effect  of  endotoxin  administration  in  acutely  pan- 
createctcmized  animals  on  myocardial  performance  (14 
experiments) .  (Performance  responses  evaluated  at 
100  and  150  itm  Hg  afterload  in  all  controls  and  experi¬ 
mental  except  the  latter  in  which  severe  degree  of 
heart  failure  prevented  attainment  of  after load.) 

Control  hearts  (N  =  “) ;  acute  pancreatectomy  without 

endotoxin.  Mean  =  dashed  ( - )  line;  +  SE  = 

solid  (  — . - . — )  line. 

Experimental  hearts  (N  =  7) ;  acute  pancreatectomy 
followed  by  endotoxin.  Individual  hearts  represented 
by  separate  symbols. 

Figure  4b.  Effect  of  endotoxin  in  acutely  pancreatactomized  animals 


on  coronary  vascular  resistance,  cardiac  power  (work/sec) 
and  heart  rate,  at  variable  afterloada  (14  experiments) . 
(Refer  to  Figure  4a  for  further  explanation) . 
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Due  to  intervention.  of  heart  failure,  not  all  hears  could  sustain  the  indicated  after  loads 
In  addition,  only  6  of  7  controls  were  evaluated- 


